At present there is much disquiet in relation to mechanical prostheses, particularly in the mitral area. Although the mortality has been falling, complications arise from thromboembolistn, massive thrombosis, hemolysis, ball variance, infection and residual gradients, particularly with the recent cloth-covered varieties.
As soon as the patient is fully conscious he is encouraged to drink freely. The catheter is removed as soon as there has been a bowel action. Only once in 150 cases has a fistula persisted for more than 24 hours. This method is considered safe and avoids the cesophagitis and pulmonary aspiration which can occur with nasogastric intubation. Patients and nursing staff appreciate the advantages of free fluids and no suction.
The Size of the Pyloroduodenal Canal: Its Relation to the Cause and Treatment of Peptic Ulcer by R M Kirk MS FRCS (Hampstead General Hospital, London NW3) This study was undertaken in an attempt to answer four questions regarding the size of the pyloroduodenal canal:
(1) External examination: How accurate are methods for estimating the size of the canal by external examination at laparotomy, and how may they be improved?
(2) Internal examination: What size of pyloroduodenal canal can be expected, and what is the normal range?
(3) Size related to disease: Is there a relationship between the size of the pyloroduodenal canal and gastroduodenal disease? Duodenal ulcer is known to cause stenosis of the canal. Gastric ulcers may occur in patients who have chronic duodenal ulcers. The relation between stenosis and gastric ulcers is the subject of debate. (4) Surgical importance: Have the results any practical value for surgical treatment of patients with peptic ulcer disease?
Method
The pyloroduodenal canal was examined at laparotomy in 228 patients. In 123 patients operation was performed for duodenal or pyloric ulcer requiring pyloroplasty, gastroenterostomy or mucosal antrectomy (Kirk 1965) ; 10 of these patients also had gastric ulcers or ulcer scars. In 35 patients gastric mucosal resection (Kirk 1966) or Billroth I gastrectomy was performed for gastric ulceration in the absence of detectable duodenal ulceration. In 36 patients an operation was carried out for biliary tract disease, hiatus hernia, carcinoma confined to the proximal stomach, or other disease. It was possible to examine the canal through a gastrotomy or duodenotomy performed during the course of the operation, to measure its diameter and exclude pyloroduodenal ulceration. Gastroduodenotomy to exclude peptic ulcer formed part of the abdominal exploration in 34 patients with dyspepsia, in whom no definite cause could be found to account for their symptoms.
(1) External examination: The antrum, pylorus, and duodenal bulb were palpated to determine the thickness and elasticity of the walls, and to locate ulcers and scars (Kirk 1968 ). The adequacy of the lumen was estimated in the usual manner by apposing the index fingers and thumbs of both hands through the pyloric ring.
Gentle attempts were made to invaginate the anterior wall of the gastric antrum through the pyloric ring with a finger tip (Fig 1) after the manner of Jaboulay (see Robson 1900), followed by invagination of the duodenal bulbar wall through the pyloric ring in a retrograde fashion.
(2) Internal examination: When gastrectomy, gastric mucosal resection, pyloroplasty, or gastroenterostomy were to be performed, the stomach was first opened through a small anterior gastrotomy as first used by Loreta (1882) for pylorodiosis. Other gastric incisions were used, and also duodenotomy which allowed retrograde examination of the pyloroduodenal canal.
The right index finger was inserted into the stomach or duodenum to assess the lumen of the canal, without stretching it. The finger was previously found to fit a ring of 10 mm internal diameter where the nail projected free from the nail bed; it fitted snugly into a ring of 15 mm internal diameter at the distal interphalangeal joint; it fitted a ring of 20 mm internal diameter at the proximal interphalangeal joint. The size of the narrowest part and its relationship to the pylorus were measured. Hegar's dilators were passed to confirm the findings. Finally, the elasticity was assessed by gentle dilatation to note the maximum diameter of the canal that could be achieved without forceful stretching. 
Results
(1) External examination: Palpation of the pyloric ring proved unreliable. In most patients, the distal end of the antral muscle could be felt as a ring which was mobile, elastic, and deformable. Occasionally the pyloric mucosal orifice was subsequently found to be quite separate from it, and much narrower. The method failed to reveal narrowing situated elsewhere than at the pyloric ring.
It was not possible to devise a method that gave an accurate assessment of the canal in all patients. Only when the anterior antral wall could be prolapsed through the pylorus on the end of a finger was the canal always subsequently found to be large throughout its length, and this seemed to be a reliable method of confirming the presence of a wide-bore channel.
(2) Internal examination: The internal diameter of the narrowest part of the pyloroduodenal canal in 228 patients is shown in Table 1 . In all but 6 patients the narrowest part corresponded to the pyloric ring.
In 2 of the 123 patients with duodenal or pyloric ulcers and scars the greatest narrowing was more than 1 cm distal to the pylorus. In one patient the greatest narrowing was more than 2 cm distal to the ring; the pylorus was noted in this patient to be particularly large, accommodating with ease the largest available Hegar's dilator of 26 mm diameter. In each of these 3 patients there was no external scar to be seen but a thin, string-like, annular narrowing could be felt and demonstrated.
Ten of the patients with duodenal ulcers or scars also had gastric ulcers or scars. In these patients the pyloroduodenal canal was 16-20 mm in 1, 11-15mm in 3, and less than 10mm in 6.
In 1 of the 35 patients with gastric ulcers or scars in whom there was no evidence of past or present duodenal ulcers, the site of greatest narrowing was 1 cm proximal to the pyloric ring.
In 1 of the 36 patients in whom a definite cause for the symptoms was found outside the pyloroduodenal canal, the point of greatest narrowing was cm proximal to the pyloric ring.
In 1 of the 34 patients with dyspeptic symptoms in whom a definite diagnosis was not made, the point of greatest narrowing was 1 cm proximal to the pyloric ring.
In 124 (54 4 %) of the 228 patients, the narrowest part of the canal was 16-20 mm diameter. In all these patients the pyloric muscle felt thin and even in texture around the whole circumference; it was elastic, allowing the canal to be dilated easily to 25 mm diameter. In general, the narrower the canal the thicker the walls and the less the elasticity. The exceptions were the 3 post-pyloric narrowings found in the duodenal ulcer patients; Patients with duodenal ulcers had the highest proportion of narrow canals. In 51 (41 %) of 123 patients the canal was less than 10 mm in diameter against 12 (11-4%) of 105 patients in the other groups combined. This difference is significant (see Table 1 ).
Discussion
(1) External examination: The usual method of estimating the size of the pyloroduodenal canal is unreliable. A widely patent canal can be confirmed by invaginating the antral and duodenal walls through the pyloric ring when these manoeuvres can be performed.
(2) Internal examination: Measurements could not be made in symptom-free patients. The stomach or duodenum was opened only if the treatment, or clarification of the diagnosis, demanded it. In one group of patients a definite cause of symptoms was found, remote from the pyloroduodenal canal, which appeared to be free from ulcers or scars. It is reasonable to suppose that the range of sizes of the pyloroduodenal channel in this group is similar to that of a symptom-free group.
(3) Size related to disease: The only group with a significantly high proportion of narrow pyloroduodenal canals was that of patients with duodenal ulcers or scars. This is in keeping with clinical experience.
Patients with gastric ulcers did not have a high proportion of narrow pyloroduodenal canals. Furthermore, 10 patients with duodenal ulcers or scars and 'secondary' gastric ulcers did not all have canals that were stenosed. These findings are at variance with those of Burge (1964) .
It could be argued that pyloroduodenal narrowing may be caused by spasm which would not be discovered at operation with the patient under general anmsthesia. This cannot be refuted. However, if gastric ulcers result from narrowing caused by spasm that cannot be demonstrated, it is surprising that gastric ulcers do not more frequently result from narrowing that can be demonstrated. The group most likely to have spasm is the group with a source of irritation such as an ulcer in the pyloroduodenal canal; 10 (8-1 %) of 123 patients with pyloric or duodenal ulcers or scars had gastric ulcers or scars, yet 51 (41 %) had canals less than 10 mm diameter.
In one group of patients the symptoms could not be ascribed to a definite cause. When the pyloroduodenal channel was found to be narrow this could be indicted as the cause of symptoms. Such an argument can only be supported if widening of the channel relieves the patient's symptoms. Pyloroplasty was performed in the patient with a canal less than 5 mm diameter in the hope of relieving dyspepsia and occasional vomiting in the absence of delayed gastric emptying. The symptoms continued, yet at a second operation one year later the pyloroduodenal canal was found to be widely patent and supple. (4) Surgical importance: Undesirable sequele following modem operations for duodenal ulcer can often be attributed to the 'drainage' operation accompanying vagotomy (Clark et al. 1964 ). Tanner (1969) estimates that 40% of patients do not require a 'drainage' operation following truncal vagotomy. What factors determine the necessity for an adjunctive operation ?
The findings presented here demonstrate that more than 40% of patients having operations for duodenal ulcers had pyloroduodenal canals less than 10 mm diameter, suggesting that organic stenosis may be important. However, 25 of the author's patients had total or selective vagotomy without 'drainage' for duodenal ulcers after confirming that the canals were widely patent. Three patients, following selective vagotomy, developed gastric retention persisting for more than a year; one, with negative insulin tests, formed a gastric ulcer. At second operations each of them had a widely patent, supple canal, and distended duodenal bulb, with gradually diminishing dilatation of the second and third parts.
Following selective gastric vagotomy, intact pyloric innervation is by no means certain (Griffith et al. 1963 ) and the operative findings in the 3 patients suggest duodenal denervation. Highly selective vagotomy (Johnston &Wilkinson 1970) may give better results.
Spasm cannot be invoked as causing gastric delay following vagotomy. Hopton & Torrance (1966) tried, and soon abandoned, pyloromyotomy with vagotomy for the cure of duodenal ulcer, because of the high incidence of gastric retention.
At present we are unable to predict in which patients vagotomy can be used alone.
Summary
The pyloroduodenal canal was examined at operation in 228 patients.
(1) External examination of the pyloroduodenal canal as usually performed is unreliable. A technique is described for confirming the presence of a wide channel.
(2) Internal examination of the pyloroduodenal canal in patients with no evidence of ulcers or scars in the area, but with definite cause for the symptoms found elsewhere, revealed canals ranging from less than 5 mm to 20 mm diameter, the majority being 20 mm diameter and easily dilated to 25 mm.
(3) There was a significantly high proportion of narrow canals in patients with duodenal or pyloric ulcers when compared with the other groups. Patients with gastric ulcers did not have a high incidence of narrowing. (4) The selection of patients for vagotomy without a 'drainage' operation is uncertain. After excluding pyloroduodenal stenosis some patients still develop gastric retention and this is not prevented by performing selective gastric rather than total abdominal vagotomy.
